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The present study compared the effects of full-field steady adapting backgrounds on the sensitivity of 
the scotopic threshold response (STR) of the dark-adapted ERG and scotopic PII (b-wave and 
d.c.-component) o Ganzfeld flashes in cats (n = 4), macaque monkeys (n = 2), and one human subject. 
In cats, the sensitivity of the STR was reduced by a factor of 2 by backgrounds that were 500 times 
weaker than backgrounds reducing PII; and for the primates, the STR was reduced by backgrounds 
almost 100 times weaker than those reducing PII. Since the STR is generated more proximally in 
the retina than PII, these results provide evidence for proximal and more distal retinal sites of 
postreceptoral light adaptation. A practical implication is that dim scattered room light can remove 
the STR from the ERG while hardly affecting PII. 
Retina ERG Adaptation b-wave Scotopic threshold response 
INTRODUCTION 
The scotopic threshold response (STR) is a corneal 
negative potential in the dark-adapted ERG that pro- 
vides a very sensitive measure of retinal function near 
rod threshold. In cats, monkeys, and humans the STR 
appears at an intensity more than 100 times lower than 
the intensity at which the corneal positive PII component 
(b-wave and d.c.-component) first appears in the ERG 
(Sieving & Wakabayashi, 1'991). Intraretinal recordings 
and pharmacological studies of cat retina have shown 
that the STR originates more proximally in the retina 
than PII (Sieving, Frishman, & Steinberg, 1986; 
Naarendorp & Sieving, 1991). The STR occurs when 
light evokes the release of K ÷ from inner retinal neurons 
and creates a distally-directed spatial buffer current in 
Miiller cells (Frishman, Sieving, & Steinberg, 1988; 
Frishman & Steinberg, 1989). Rod PII is thought o 
occur when K ÷ released from depolarizing bipolar cells 
produces a proximally-directed spatial buffer current in 
Miiller cells (Newman & Odette, 1984, but see Xu & 
Karwoski, 1993). 
The more proximal origin of the STR compared to PII 
probably accounts for its greater sensitivity. For the gain 
of the retinal signal increa,;es ubstantially as it travels 
from distal to more proximal retinal neurons due to 
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pooling of the rod signal at the more proximal locations 
(Copenhagen, Hemila, & Reuter, 1990). The STR also 
saturates at intensities that are far below rod PII satu- 
ration in the cat ERG (Sieving et al., 1986). At intensities 
above STR saturation, the more distally generated PII 
dominates the rod ERG, growing to more than 10 times 
the maximum amplitude of the saturated STR. 
Although the sensitivity and saturation of the STR vs 
PII is well documented, the relative effect of adapting 
backgrounds on the two responses has not been exam- 
ined. It is well known that the effect of background 
illumination depends upon the level of processing in the 
retina; the most proximal neurons being affected by the 
weakest backgrounds (for review see Shapley & Enroth- 
Cugell, 1984; Powers & Green, 1990). For example, in 
the rat, retinal ganglion cells are desensitized by less 
intense backgrounds than the b-wave. In turn the b- 
wave is affected by backgrounds weaker than those 
affecting photoreceptors (Green & Powers, 1982; Powers 
& Green, 1990). In the present study, we compared the 
effects of steady full-field adapting backgrounds on the 
sensitivity of the STR and PII in cats, macaque mon- 
keys, and one human subject. In all three species, 
backgrounds that reduced the sensitivity of the STR by 
a factor of more than 100, essentially eliminating it from 
the measurable ERG, had little effect on the sensitivity 
of PII. This finding has important implications for the 
sites of "field or "network" adaptation i the retina since 
the adapting backgrounds that we used were too weak 
to adapt he photoreceptors (Baylor, Nunn & Schnapf, 
1984; Tamura, Nakatani & Yau, 1989; Kraft, Schneeweis 
& Schnapf, 1993). The findings of this paper have been 
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reported in abstract form previously (Frishman & 
Sieving, 1992). 
METHODS 
Preparation and recording 
ERGs were recorded from cats (n = 4), macaque 
(Macacafascicularis) monkeys (n = 2) and one human 
subject with Burian-Allen corneal electrodes (Hansen 
Ophthalmic Development Laboratory, Iowa City, 
Iowa). A subcutaneous needle placed in the back of the 
cats and monkeys erved as the indifferent electrode, and 
for the human subject, a chlorided silver pellet was 
placed on the left earlobe. ERGs for each cat were 
recorded in one long session, lasting up to 10hr; one 
monkey's ERGs were recorded in three long sessions, the 
other monkey's in one long session, and the human ERG 
was recorded in four different shorter sessions, about 
3 hr each. The animals studies were conducted in accord 
with principles of the American Physiological Society 
and used protocols that were reviewed by the Unit of 
Laboratory Animal Medicine of the University of 
Michigan. As described previously (Sieving & 
Wakabayashi, 1988), animals were anesthetized with 
ketamine i.m. (10mg-kg -~ loading dose and then 
5-10mg.kg J-hr-~), and xylazine ( lmg.kg  t and 
0.5-1mg.kg ~.hr t), and were injected (s.c.) with 
0.04mg.kg -~ atropine sulfate. Animals were placed 
on a heating pad to maintain body temperature, and 
were kept hydrated with a slow s.c. saline drip. 
Supplemental oxygen was released into the Ganzfeld 
stimulus bowl while recording from monkeys. In 
addition, for two of the cats (ISCE and ISCF) eye 
movements were suppressed with pancuronium bromide 
(0.1-0.2mg.kg l-hr-l), the animals were artificially 
respired, and expired CO2 was monitored and 
maintained around 4%. The pupils were fully dilated 
with phenylephrine HCL, (10%), tropicamide 1%, and 
atropine 1% . 
Visual stimulation 
Full-field test flashes, 50 msec for cats and 100 msec 
for monkeys and the human subject, were presented in 
a Ganzfeld diffusing sphere under fully dark-adapted 
conditions and in the presence of full-field steady 
adapting backgrounds covering a 5 log unit range of 
intensities. The light sources for the test stimuli and 
steady backgrounds were tungsten-halogen lamps 
mounted on top of the Ganzfeld bowl. Stimulus 
calibrations were made in photopic footlamberts (40X- 
optometer, United Detector Technology, Orlando, Fla) 
and converted to scotopic trolands (scot td) at the 
cornea. Conversions from other studies assumed that 
1 scot td = 5.65 log quanta (500 nm).deg-2"sec -~. Pupil 
diameters were 13mm for the cats, 9mm for the 
monkeys and 10 mm for the human subject. Stimuli were 
white, blue (Wratten filters # 47 and # 47B), or red 
(Wratten # 25 or # 29) as indicated. Red and blue 
stimuli were scotopically matched by adding sufficient 
neutral density attenuation to the stimulus to elicit the 
same amplitude STR in response to a weak flash 
presented under the fully dark-adapted condition for 
both colors. 
Response analysis 
Peak amplitudes of the STR and PII were measured 
in order to construct intensity vs response functions. 
The STR was measured from the baseline before the 
flash to the lowest point reached by the negative-going 
response. PII was measured from the baseline as 
defined either by the STR when PII emerged from the 
STR, or from the prestimulus baseline when a negative 
excursion was not present before PII. It should be 
noted that these measurements at the peak of the 
negative and positive ERG responses represented the 
sum of the underlying components, and were not direct 
measurements of the response components themselves. 
The entire stimulus-response function was measured 
for the STR, but for PII, for expedience, only a short 
portion of the range was measured in most experiments 
to obtain a small criterion response for incremental 
sensitivity functions as described below. Dark-adapted 
functions for STR and PI1 were similar from cat to 
cat. Figure 1 shows nearly complete dark-adapted STR 
and PII functions measured for one cat. The inset 
shows the STR curve on an expanded scale. Both the 
STR and PII functions were fit with Michaelis-Menten 
curves in this figure using the GraFit program 
(Erithacus Software, London) (see Fig. 1 caption for 
parameters). Although a detailed consideration of the 
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FIGURE 1. Intensity-response functions for the STR (solid symbols) 
and PII (open symbols) measured in one cat. The STR is shown on an 
expanded scale in the inset. The squares and circles denote measure- 
ments made about 4 hr apart and indicate the stability of the recording 
during the long sessions. Peak amplitudes of responses are plotted in 
this and subsequent figures as absolute (positive) values for both the 
STR and PII even though the STR is a negative-going response. The 
STR was fitted with a Michelis Menton equation: 
V = Vmax, ln/(1 n + I~)  where V is the response amplitude; I is the flash 
intensity; Io is the intensity for a half maximal response; and Vmax is 
the maximum amplitude of the response. For the STR in this figure, 
n = 1.0, I o = - 1.7, Vma X = 37 #V; and for PII, n = 0.9, 
1 o = 1.2 log scot td, and Vma X = 575 #V. 
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FIGURE 2. Effect of four steady background levels on the cat ERG in response to test stimuli of increasing intensity. The 
background intensity in log scot td is shown at the top of each column. Both the test flashes and the steady backgrounds were 
blue (Wratten # 47 plus 47B). Records in this and subsequent figures were averages of 20 trials. The stimulus duration was 
50 msec. (Cat ISCF.) 
appropriateness of this curve for the STR and PII is 
beyond the scope of this study, it is important to 
consider the amplitude of PII for very weak stimuli 
under dark-adapted conditions when STR 
dominated the response and PII was (nearly) undetect- 
able. Preliminary studies using the glutamate agonist 
NMDLA (1 mM) to suppress the STR and reveal PII in 
the cat ERG indicate that PII grows in proportion to 
intensity for weak stimuli up to nearly 20% of its 
maximum amplitude, and its relation to intensity is 
described well by a MichaelLis-Menten curve (Frishman, 
Robson, & Du, 1992; Robson, Frishman, & Du, 1993). 
Incremental sensitivity was plotted as the log intensity 
for a small criterion response vs log background 
intensity. The choice of the criterion response amplitude 
for the STR and PII was :related to the range of their 
respective operating curves. We chose a criterion STR 
amplitude of 5/~V for all of the cats and for the one 
monkey (ISMA) for which the maximum response for 
the dark-adapted operating curve was between 25 and 
40/~V (e.g. Fig. l); 4 #V for the other monkey and for 
the human subject because the maximum STR was quite 
small (about 12/~V) and responses below 4/~V did not 
appear reliably. These sm~dl criteria responses allowed 
measurement even when the STR was very small due to 
the backgrounds (e.g. Fig. 2), and were well below 
saturation of the dark-adapted operating curve. 
For PII, we used a criterion amplitude of 40 #V which 
was within the linear range of the response and well 
below saturation (Fig. 1). Consistent with the measure- 
ments being in the linear range, reducing the criterion 
response from 40 to 20/~V in two cats reduced the 
absolute and incremental ,;ensitivity of PII by a factor 
of 2. 
RESULTS 
We first studied the effects of steady adapting back- 
grounds on the STR and PII of the dark-adapted cat 
ERG. Figure 2 shows the effect of stimulus intensity on 
the ERG of the fully dark-adapted cat retina (left), and 
in the presence of three steady backgrounds (right). In 
the leftmost column the negative-going responses to the 
dimmest stimuli at the bottom are the STR, and the 
positive-going responses that emerge with more intense 
stimuli are PII. No photoreceptor a-wave was present 
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FIGURE 3. Plots of the peak amplitudes of some of the responses in
Fig. 2 and responses at two additional background intensities. The 
main graph shows amplitudes of the STR, and the background 
intensity in log scot td is shown next to each curve. The inset shows 
the peak amplitudes of PII at the lower end of its operating curve at 
the backgrounds indicated in the main graph (same symbols), and for 
one more intense background, -0.9 log scot td (solid squares). (Cat 
ISCF.) 
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FIGURE 4. Effect of changing steady background intensity on the 
ERGs of two cats in response to two fixed test intensities ( hown at 
the bottom of the figure) which elicited a large STR under dark- 
adapted conditions. (Cats ISCE, left; and ISCC, right.) 
for these very dim stimuli. A weak adapting background 
(second column from the left) decreased the amplitude of 
the STR while hardly affecting PII. Stronger adapting 
backgrounds (right two columns), which almost totally 
removed the negative-going STR from the measurable 
response, still hardly affected the amplitude of positive- 
going PII. 
A plot of the peak amplitudes of the STR and PII 
(inset) for some of the data illustrated in Fig. 2 along 
with data in the presence of two additional weaker 
backgrounds appears in Fig. 3. These plots show that 
increasing background intensity reduced the sensitivity 
of the STR, and shifted the intensity-response function 
to the right. As the sensitivity of the STR was reduced, 
the maximum amplitude of the STR was reduced until 
it was obscured as PII dominated the response 
(see Fig. 2). The inset shows that the same backgrounds 
that shifted the sensitivity of the STR hardly affected the 
amplitude of PII. 
Another way to study the effect of weak backgrounds 
on the STR and PII was to fix flash intensity, while 
varying background intensity. Figure 4 shows the effect 
of different steady backgrounds on the STR and PII for 
two fixed flash intensities. Although the STR was 
reduced progressively as backgrounds increased, PII 
maintained about the same amplitude throughout. We 
assume that the lack of a positive PII in the left column 
of Fig. 4 at a background of -1 .21ogscot td  was 
because the STR and PII were of equal amplitude, and 
they cancelled. The responses in Fig. 4, as in all 
experiments, were recorded within seconds of the time 
that the backgrounds were turned on or off, indicating 
that the dark-adapted sensitivity of the STR could be 
reduced and restored (Fig. 4, bottom right) very quickly 
and that no longer lasting adaptation occurred for these 
backgrounds. 
The effect of steady backgrounds on the dark-adapted 
ERG of a macaque monkey is shown in Fig. 5. The 
dark-adapted curves on the left show a negative STR for 
very weak stimuli and a positive PII as stimulus intensity 
was increased. For both of the monkeys, PII consisted 
of a transient portion, followed by a component that was 
more sustained than in cats. In the monkey, as in the cat, 
weak backgrounds (middle and right columns) affected 
the STR more than PII. Plots of the data for the same 
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FIGURE 5. Effect of three steady background levels on macaque monkey ERGs in response to test stimuli of increasing 
intensity. The intensity of the background in log scot d is shown at the top of each column. Test flashes and steady backgrounds 
were white. Flash duration was 100 msec. All recordings were done in one session. (Monkey ISMA--session 2.) 
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FIGURE 6. Plots of the peak amplitudes of monkey ERG responses 
at the same backgrounds used in lFig. 5 (but in a different recording 
session) and results for two additional backgrounds. The inset shows 
that the amplitudes of PII at the low end of its operating curve were 
not affected by the same backgrounds ( ame symbols as the main 
graph). All data were collected in one recording session. (Monkey 
ISMA--session 1.) 
TABLE 1. Absolute sensitivities (expressed as log scot td for 
a small criterion response) and dark-light (ID)* of the STR 
and PII for cats, macaque monkeys, and one human subject 
STR PII 
Abs. I o Abs. I D 
Cats 
iscc -2.88 -3.01 0.22 -0.59 
isce -2.65 --3.07 0.12 0.04 
iscf -2.45 --2.80 0.02 -0.2 
iscg -2.05 --2.74 0.12 0.02 
Mean -2.5 -2.86 0.12 -0.18 
(+ / + SD) (0.35) (0.22) (0.08) (0.29) 
n 4 4 4 4 
Monkeys 
isma - 3.0 - 3.4 - 0.82 - 1.26 
ismb -2.75 -3.1 -0.62 - 1.66 
Mean -2.88 -3.25 -0.72 -1.46 
(+/+SD) (0.18) (0.21) (0.14) (0.25) 
n 2 2 2 2 
Human subject 
SK - 2.6 - 3.0 0.0 - 1.2 
*ID was determined using the equation presented in the 
caption to Fig. 7. 
monkey ,  but  collected in a different recording session 
where the STR was more thoroughly  studied, are shown 
in Fig. 6. The inset shows again that the sensitivity o f  P I I  
was not  altered by backgrounds  that greatly reduced the 
sensit ivity o f  the STR.  
Incrementa l  sensitivity plots of  STR and PI I  for a 
typical cat ERG,  one monkey  and one human 
subject are shown in Fig. 7. The plots for all three 
species show that steady adapt ing backgrounds  that 
shifted the incrementa l  sens:itivity o f  the STR by at least 
a factor of  100 hardly affected the incrementa l  sensi- 
t ivity o f  PI I .  Table  1 shows data derived f rom the 
incrementa l  sensit ivity curves for all subjects. The "ab-  
solute" sensitivity measurements ,  defined here as the 
intensity necessary to obta in  a small  cr i ter ion response 
under  dark -adapted  condit ions,  show that the STR in 
all three species was more  than  100 times more sensitive 
than  PII .  Of  course the absolute magn i tude  of  the 
difference between STR and PI I  depended on the cri- 
ter ion chosen, e.g., a cr i ter ion that was hal f  the ampl i -  
tude for PI I  increased its "abso lute  sensit ivity" by a 
factor of  2. 
Table  1 shows that for the cats, the background 
intensity required to reduce the sensitivity o f  the STR by 
a factor of  2 (ID f rom the equat ion  presented in the 
capt ion for Fig. 7) was 1000 times in one cat, and  about  
500 weaker on average than that necessary to reduce 
P I I 's  sensitivity by the same amount .  For  the monkey ,  
the absolute sensitivity o f  the STR was near  that of  the 
cat, and  it was reduced by background levels similar to 
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FIGURE 7. Plots of incremental sensitivity for a cat, a monkey, and a human subject. The y-axis is the test flash intensity 
required at each adapting background intensity (x-axis) to evoke a criterion response of 5/~V for the STR (O) for the cat 
and monkey, 4/~V for the human subject. The criterion for PII (0) was 40/~V in all three plots. The cat data were collected 
in one long recording session, the monkey and human data were collected in two sessions, one for STR and one for PII. For 
the monkey and human ,;ubject, the absolute sensitivities of the STR and PII were very similar in the two sessions. Lines in 
this and the following figure were fitted to the STR and PII using a curve-fitting program (Sigmaplot, Jandel Scientific, 
Corte-Madera, Calif.) with the equation: AI = k(IB + Io)" where AI is the test flash intensity, IB is the background intensity, 
and I o is the point at which the slope of the incremental sensitivity function rises above the absolute threshold value (i.e. the 
"dark-light"), and n is the slope which was constrained to be 1 (__+0.1). [Cat ISCE, monkey ISMA (sessions 1 and 2), and 
human SK (sessions 1 and 2)]. 
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those found to reduce the cat STR. However, PII 
sensitivity for the monkey was greater by about 10 times 
and was reduced by a factor of 2 by backgrounds that 
were only 100 times stronger than those reducing the 
STR, rather than the 500 times found for the cat. The 
results for the one human subject were similar to the 
results for the monkeys. 
The STR is sensitive to very weak intensities, and is 
adapted by weak backgrounds that are below cone 
threshold in the cat, which is - 0.15 log scot td (reported 
as 5.51ogscquanta (500nm).deg 2.sec-l) (Enroth- 
Cugell, Hertz, & Lennie, 1977). In contrast, PII and the 
backgrounds that affected PII (see Table 1) were all 
above this cone threshold. In order to determine whether 
there were rod/cone interactions in our experiments, 
responses in the presence of scotopically matched red 
and blue stimuli and steady backgrounds were measured 
for one cat and one monkey. Figure 8 shows effects of 
red and blue backgrounds on sensitivity to blue test 
flashes. For both the cat and the monkey the color of the 
background id not affect the sensitivity of PII, or the 
STR, indicating that the effects of the background on 
sensitivity were due to rods and not cone circuits. Not 
shown, the responses to scotopically matched red and 
blue test flashes also were similar whether ed or blue 
backgrounds were used. Thus there were no changes in 
relative sensitivity of responses for the red vs the blue 
stimuli as background intensity was increased, i.e. there 
was no Purkinje shift indicating a transition from rods 
to cones. 
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FIGURE 8. Incremental sensitivity plots of STR (solid symbols) and 
PII (open symbols) using scotopically matched red (triangles) and blue 
(circles) adapting backgrounds and blue test flashes. Data from a cat 
are shown on the top, and monkey on the bottom. (Cat ISCF and 
monkey ISMA--3rd recording session, sensitivity was slightly lower 
than sessions l and 2.) 
DISCUSSION 
We found that weak backgrounds that do not affect 
PII have a profound effect on the sensitivity of the more 
proximally generated STR. For the cat, the steady 
background that reduced the sensitivity of the STR by 
a factor of 2 was 500 times weaker than the background 
that reduced PII by the same amount; and for the two 
macaque monkeys and one human subject, the STR was 
reduced by backgrounds that were almost 100 times 
weaker than backgrounds that reduced PII. 
The desensitizing effects of backgrounds were due to 
field or "network" adaptation rather than photoreceptor 
adaptation; the steady background intensities were well 
below those shown to adapt either rod outer segments 
(Tamura et al., 1989) or intracellularly recorded 
horizontal cell responses in the cat (Steinberg, 1971; 
Lankheet, van Wezel, & van de Grind, 1991), macaque 
rod outer segments (Baylor et al., 1984) or human rod 
outer segments (Kraft et al., 1993). These results argue 
for at least two postreceptoral sites of network 
adaptation in the retina, one affecting bipolar cells, and 
one affecting amacrine and ganglion cells, as suggested 
by Shapley and Enroth-Cugell (1984). The exact amount 
of adaptation that occurs at distal and proximal postre- 
ceptoral sites appears to be species dependent: he STR 
was more sensitive to weak adapting backgrounds than 
PII for all species in this study, but PII was less sensitive 
to adapting backgrounds in the cats than in the monkeys 
or humans subject. In rats there was a relatively small 
difference between backgrounds that affected inner 
retinal neurons (retinal ganglion cells) and the b-wave 
(Green & Powers, 1982). 
We cannot determine from our findings whether the 
STR was desensitized and compressed simply by 
response saturation (e.g. Baylor et al., 1984), or instead, 
the response's entire operating curve was shifted by 
retinal gain control for instance as shown for retinal 
ganglion cells in the cat mesopic and moderate scotopic 
backgrounds (Sakmann & Creutzfeld, 1969). If the 
operating curve of the STR had shifted, then its 
maximum amplitude (Vmax) should not have been 
reduced by the backgrounds. Unfortunately, it was not 
possible to measure the STR Vma x, because of the 
presence of PII (e.g. Figs 4 and 6). Preliminary results of 
modeling STR and PII in other studies of cat and human 
STR indicate that Vma x of the STR does not change for 
weak adapting backgrounds (Frishman, Robson, & Du, 
1993; Reddy, Frishman, Robson, & Du, 1993), 
suggesting that the STR is indeed subject o gain control 
similar to that illustrated by Sakmann and Creutzfeld 
(1969) for cat retinal ganglion cells. 
Comparison with the incremental sensitivity of cat retinal 
ganglion cells 
Studies of the effects of weak backgrounds on the 
incremental sensitivity of retinal ganglion cells showed 
results similar to our findings for the STR. Figure 2 of 
Enroth-Cugell et al. (1977) shows that backgrounds 
stronger than - 2.65 log scot td reduced the sensitivity of 
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an On-center X cell, and Fig. 7 in Barlow and Levick 
(1969) shows that backgrounds stronger than 
-3 .15  log scot td reduced the sensitivity of a ganglion 
cell. These values are near the range of values that affect 
the STR of cats reported in Table 1. Given difference in 
stimulus conditions, e.g. Ganzfeld vs spots, it is not 
possible to tell whether the gain control shown by the 
STR is exactly the same as that for ganglion cells, or 
whether there is additional gain control that affects only 
the ganglion cells. [The STR is thought to originate 
primarily from depolarizing amacrine cells in the special- 
ized rod circuit (Steinberg. Frishman, & Sieving, 1991; 
Daw, Jensen, & Brunken, 1991; for review see Sieving, 
1991), although retinal ganglion cells may also contrib- 
ute to the response (Robson et al., 1993; Frishman, Du, 
Shen, Robson, Harwerth, Smith, Carter-Dawson & 
Crawford, 1994)]. 
Comparison with human psychophysics and electrophysi- 
ology 
The human STR can be recorded within 0.7 log units 
of absolute psychophysical threshold (Sieving & Nino, 
1988), and therefore comparisons can be made with 
psychophysical results. There are numerous psycho- 
physical studies of incremental sensitivity, and many of 
these studies have estimated ark-light for the human 
rod visual system. The dark-light value represents the 
background intensity above which further increases in 
intensity alter the visual sensitivity. Donner (1992) re- 
ported the average dark-light from several previous 
studies to be -2.73 _ 0.'75 log scot td. Barlow (1957) 
reviewed ark-light values found by several authors, and 
they ranged from - 1.92 to -2.25 log scot td. More 
recently Sharpe, Stockman, Fach and Markstahler 
(1993) reported values around -3.58 log scot td for two 
normal observers (2.83 for a rod monochromat), and 
they demonstrated that these dark-light values were not 
influenced by the temporal and spatial characteristics of
the stimulus. These values for dark light based on 
psychophysical experiments all are close to the ID values 
for the STR of human ar~Ld macaque monkey reported 
Table 1. However, recent comparisons of psychophysical 
dark-light and STR dark-light for individual human 
subjects viewing a Ganzfeld stimulus indicate that the 
subject's psychophysical darklight is a few tenths of a log 
unit lower than his or her STR dark-light (Reddy et al., 
1993; Frishman, Reddy, Robson, & Du, 1994a). The 
psychophysical response may be limited by quantal 
fluctuations due to the background light that do not 
affect the responses of the individual neurons that 
generate the STR (Barlow & Levick, 1969). 
Human rod photorecep,Lor uter segment sensitivity is 
reduced by a factor of 2 when the background is 
equivalent to 1.15 log scot td (Kraft et al., 1993), and the 
human ERG a-wave begins to show approximate Weber 
law behavior at 1.5 log scot td (Hood & Birch, 1993). 
These background intensil:ies are well above the average 
intensity, -1 .46 log scot td, that reduced the sensitivity 
of PII in the monkeys and the intensity, - 1.2 log scot td, 
for the human in the present study. Two previous tudies 
reported similar values for the human b-wave dark-light: 
- 1.5 to - 1.0 log scot td (Fulton & Rushton, 1978); and 
- 1.75 to - 1.5 log scot td (Hansen & Fulton, 1991). 
Another study of human ERG showed that the b-wave 
was not desensitized by adapting backgrounds until they 
were about 1000 times above the visual threshold 
(Biersdorf, Granda & Lawson, 1965). This also is 
consistent with our findings since a just measurable STR 
is about 0.7log units above dark-adapted visual 
threshold (Sieving & Nino, 1988), and adapting 
backgrounds that affected PII were more than 100 times 
(2 log units) greater than the intensity that produced a 
small STR. 
Rods vs cones 
We were especially interested in the effects of scotopi- 
cally matched red and blue stimuli on PII because of an 
earlier suggestion (Frishman et al., 1988; Steinberg et al., 
1991) that the STR may arise completely in the 
specialized rod to rod bipolar to amacrine cell circuitry 
of the mammalian retina (Dacheux & Raviola, 1986; 
Smith, Freed & Sterling, 1986; Daw et al., 1990) while 
PII might occur when the rod signal enters the cones and 
travels via the cone bipolar cells to the inner retina. We 
reasoned that if rod PII indeed arises in the cone 
pathway, its sensitivity might be affected by stimuli that 
preferentially stimulate cones. In the present experiments 
we found no evidence for rod-cone interactions even 
when the stimulus intensity was above cone threshold for 
the cat (Enroth-Cugell et al., 1977). While this finding 
does not eliminate the possibility that rod PII, at least 
near the beginning of its operating range, arises from 
cone bipolars, it does not lend support to the idea. 
Furthermore, since the great majority of bipolar cells in 
the cat retina are rod bipolars (W/issle & Boycott, 1991), 
and the rod b-wave is so much larger than the cone 
b-wave, on electrical grounds it seems unlikely that rod 
PII originates only in the cone bipolars which represent 
a much smaller proportion of the population. 
Finally, our finding that the STR is exquisitely 
sensitive to the effects of background light has practical 
implications for the study of the ERG in humans. In 
particular, the finding may explain why the STR has not 
always been seen in ERG studies in a supposedly 
dark-adapted state; dim backgrounds that are hardly 
perceived such as stray scattered room light can readily 
eliminate the STR from the ERG records while hardly 
affecting the amplitude of PII. 
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